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1.  INTRODUCTION 
 
  One of the enduring problems faced by the agricultural sector is its rate of growth. Yet 
beyond econometric analyses of supply, little attention has been paid to either optimal growth 
strategies or the sustainability of that growth. In this paper it is argued that changes in growth are 
as much a function of internal financial and operating decisions of farms as it is of external 
markets and in fact the two must work in tandem; the market signals opportunities to the farm 
sector, and the farm sector evaluates its own operating and financing decisions to determine its 
response. This paper uses an accounting-based growth model to explain the relationship between 
farm output, in the form of changes in revenues, asset management, farm finance, and capital 
structure. The essence of our argument follows from Higgins (1977, 2003) that profitable slow-
growing firms will generate more cash than less profitable fast-growing firms. The linkages 
between sales/revenue growth, profitability, withdrawals from retained earnings, operating 
efficiency and external financing needs are the key drivers of growth, and are consistent with 
findings in Booth, et al. (2001) for findings related to capital structure in developing countries, 
Clouse and McFaddin (1994) for growth in the U.S. gas utility industry and McFaddin and 
Clouse (1993) for growth in the U.S. energy industry. The question we ask is whether these same 
drivers can be used to explain growth and growth trends for United States agriculture between 
1980 and 2001. 
The importance of this paper is in how it relates to growth patterns in the aggregate 
supply of U.S. commodities. In previous analyses of farm supply decisions, the agricultural 
sector in the U.S. is typically assumed to be a price taker in which farmers’ production decisions are expected to be heavily dependent on exogenously determined market conditions.  However, a 
number of empirical studies that have attempted to validate this construct generally have 
produced elasticity estimates that indicate either insignificant or inelastic production supply 
responsiveness to changes in prices under various market conditions regardless of modifications 
in theoretical approaches that were considered (Tauer, 1998; Ornelas and Shumway, 1993; 
Weersink and Howard, 1990; Duffy Richardson, and Wohlgenant, 1987; LaFrance and Burt, 
1983; Shumway and Chang, 1980; Ospina and Shumway, 1979).  Moreover, Ornelas and 
Shumway (1993) found significant bias effects attributed to asset fixity and technological change 
that reinforce the influence of resource endowments on farm supply decisions. This perspective 
downplays the influence of other farm supply determinants possibly including variables related 
to the farms’ internal operating conditions. That long run supply elasticities are so inelastic 
strongly suggests that production decisions could not be entirely dependent on external market 
factors alone. If market forces were the sole driver of agricultural supply, then one would expect 
a nearly instantaneous response to price changes as resources were allocated from one crop to 
another. The cause of inelasticity in supply must also reflect frictions within the farm sector that 
act as constraints upon farm production. These farm-level constraints may have as much to do 
with liquidity and balanced growth as they do with asset fixity. 
The purpose of this paper is to identify linkages between farm supply decisions and 
operating and financial decisions made by farmers that balance growth. To accomplish this we 
rely on the sustainable growth paradigm (Higgins, 2003), which emphasizes the relevance of 
internal business operating parameters, as supplementary to the effects of exogenous factors, in 
formulating farm production decisions. Sustainable growth, measured by the sustainable growth 
rate, represents the maximum rate at which a firm can expand its sales or revenues without depleting its financial resources (Higgins, 2003). In agriculture, planned growth is a long-run 
expectation. Intra-year variability in commodity prices and/or yields can significantly influence 
actual growth, and farmers’ cautious response to uncertainty is well known. Regardless, if 
planned growth exceeds sustainable growth, then the farm must source capital from other 
sources, such as increased borrowing or the sale of assets. When planned growth in sales falls 
short of the sustainable growth rate, assets are being underutilized and cash will generally be 
accumulated in unproductive ways. This is not the same as risk. From time to time risk will 
result in revenues larger than expectations which will increase cash flow and working capital, 
while at other times, revenues below expectations will result in reduced cash flows and draws on 
working capital. Risk, however, plays a central role in planned growth, especially if planned 
growth involves irreversible investment decisions. The greater the risk the slower will be the rate 
of planned growth (Dixit and Pyndick, 1994)
1.  
This paper first introduces the sustainable growth rate model as a conceptual paradigm 
and then uses the model to measure sustainable growth rates in U.S. agriculture. A time-series 
cross-sectional analysis is used so that all states and regions are covered. As a positivist approach 
to understanding financial leverage in agriculture, the use of sustainable growth in explaining 
debt is more than pragmatic. If sustainable growth rates fall relative to growth in sales, working 
capital shortfalls are inevitable. The model benefits the farm sector in three ways. First, from a 
business perspective, this inevitability principle provides a useful yet simple approach to 
explaining financial leverage and working capital strategies to farmers; second, from a policy 
                                                 
1 Of course the real options approach of Dixit and Pyndick (1994) is conceptually not new to agricultural supply. In 
describing business cycles, or growth patterns, in agriculture Wilcox, Cochrane and Herdt (1974) write “Let us 
begin this description at the bottom of the trough, in the pit of a depression. At such time, business firms (farm and 
non-farm) have reduced their orders for equipment, land, buildings and other producer goods to the minimum, 
possibly below the replacement rate. Business firms are delaying decisions to invest as long as possible because they 
fear the future. Businessmen do not feel certain that the bottom has been reached, and they do not want to sink their 
scarce funds in heavy equipment if conditions are going to get worse” (Page 262)  perspective, the inevitability principle provides some guidance as to how public policy can 
impact leverage decisions at the farm level; and third, from an academic perspective, this paper 
introduces as new, a tool that has been used by financial practitioners in the non-farm sector 
since the 1970’s (e.g. Higgins, 1977). 
 
2.  THEORETICAL BACKGROUND AND MOTIVATIONS 
This section presents a review of previous empirical studies that measure and discuss 
issues related to farm supply elasticity.   The principles behind the sustainable growth model will 
also be laid out in this section which will be used as basis for the analysis of sustainable growth 
estimates derived for the U.S. farm sector.  
2.1 U.S. Farm Supply Elasticity Estimates  
A number of theoretical approaches have been explored to determine the supply 
responsiveness of various farm products to commodity prices. Shumway and Chang (1980) used 
the constant elasticity of transformation (CET) linear supply model to evaluate the short-run 
supply response of six Texas field crops.  LaFrance and Burt (1983) used a modified partial 
adjustment model by introducing some alternative specifications from the basic Nerlove model 
used in a previous empirical study by Griliches.  Ospina and Shumway (1979) prescribed a 
simultaneous equation model to address the conceptual problems noted in previous beef supply 
response models.   
Tauer’s study (1998) discussed the issue of aggregation in calculating elasticity estimates 
and used pooled farm-level data for dairy farms to estimate individual farm supply curves. 
Weersink and Howard (1990) utilized data for each production region to estimate milk 
production supply response using dynamic dual models. Duffy, Richardson and Wohlgenant (1987) analyzed cotton acreage response in the four leading cotton-production regions in the 
country. 
Aside from addressing issues related to the formulation of their analytical and empirical 
frameworks, this whole body of empirical work covers a wide range of farm commodities 
produced in the U.S. (such as dairy, livestock, cash and grain crop enterprises) and has extensive 
geographical coverage using farm-level, regional and national farming data.    Despite all these 
variations in approaches, the results of these empirical works do not provide overwhelming, solid 
support to a full-proof “price-taking” farm business paradigm.  The absolute values of the own- 
and cross-price elasticity estimates these analyses obtained were usually significantly below 
unity (1.0).  Specifically, among other results, Ospina and Shumway (1979) estimated an overall 
aggregate supply elasticity of 0.19 using industry data for beef and dairy farms; Tauer’s (1998) 
estimate of average own-price elasticity of a sample of New York dairy farms is 0.65; and 
LaFrance and Burt (1983) used aggregate U.S. farm data and produced short-run elasticity 
estimates of 0.08 for all crops and 0.30 for livestock, and long-run estimates of 0.28 and 0.70-
0.80 for crops and livestock farms, respectively. In general, the estimates would very rarely 
exceed 1.0, and in cases they do, the excess amount is merely a very small value. For instance, 
Duffy, Richardson, and Wohlgenant (1987) calculated long-run own price elasticity estimates 
from 0.149 to 1.080 and cross price elasticity estimates from -1.05 to -0.13 using data for the 
country’s 4 major cotton producing regions.  Shumway and Chang (1980) obtained the largest 
elasticity estimates for wheat, among six Texas crops analyzed, which ranged from 0.84 to 1.10. 
The significant technological and asset fixity biases found by Ornelas and Shumway 
(1993) suggest that internal business factors could possibly provide supplementary influence on 
farm supply decisions.  This means that farm production activities in any given year might not be merely dictated by prevailing market conditions, but could be synchronized with existing 
productivity conditions of a farm’s fixed asset complement, especially when the farm opts to 
adopt newer production technology, such as the latest GMO production craze.  The interplay 
between asset investment decisions and the resulting financing requirements, in addition to 
expected market conditions, could provide signals for the farmer to consider when contemplating 
on plans for a forthcoming production season.  The following model presents an alternative 
paradigm on farm supply decisions based on important farm operating factors. 
2.2 The Sustainable Growth Model 
 
Financial leverage in agriculture has been of considerable interest to a wide range of 
stakeholders for over 20 years. The financial crises of the late 1980’s and market instability in 
the late 1990’s has exemplified the need to continually investigate models that aid in 
understanding farm debt decisions. For many, the expected utility-mean-variance approach to 
modeling farm financial structure decisions has provided considerable insights into the financial 
leveraging process (Barry and Robison, 1987; Collins, 1985; Barry, Baker and Sanint, 1981). 
Studies that have investigated  the relationship between reductions in business risk and increased 
financial leverage include Collins (1985) and Escalante and Barry (2001) who examine risk 
balancing in general; Turvey and Baker (1989) who examine relationships between leverage and 
hedging; Featherstone, et al. (1988) who examine various issues in agricultural finance and price 
support policies; Moss, Ford and Boggess (1989) who examine capital gains deductions; and 
Ahrendsen, Collender and Dixon  (1994) who examine depreciation and investment tax credits.   
Sustainable or balanced growth examines the same issue except from an operating and 
accounting point of view. It decomposes the returns to equity into four components; profit 
margin, retention (owner withdrawals), asset turnover and leverage. A decrease in any one of these ratios will lower the sustainable growth rate, and increase the likelihood that financial 
leverage will be required to sustain the farm.  In contrast to the risk-balancing strategy derived in 
mean-variance models, the sustainable growth rate is proscriptive, as well as explanatory, and 
can provide insights into farm operating and financial decisions based on readily available 
accounting information.  Furthermore, analyses of financial risk, as per the root model of Barry, 
Baker and Sanint (1981) and Collins (1985) take the variability of the return on assets or equity 
as given and do not ordinarily examine the operating factors that give rise to such volatility in the 
first place.  The advantage of exploring a sustainable growth rate paradigm is that the paradigm 
possesses such insights.  We are unaware of any previous studies that have explored the 
sustainable growth rate model in the context of agricultural finance, and we believe that this 
paradigm is a complement to previous studies. 
The sustainable growth rate equation is given by  
 










































































where NI is net income, R is revenue or sales, W is owner withdrawals, A is assets, D is debt and 
Ebeg is the beginning of period equity. From left to right, the bracketed terms in the right hand 
sides of (1) and (2) represent the profit margin, retention ratio, asset turnover, and financial 
leverage, respectively. At the farm level, the revenue variable is a function of size, productivity, 
and prices. For purposes of this paper, the term “targeted sales growth” refers to intentional 
increases in the asset base (e.g. acres or head of livestock), prices (e.g. niche or contracted), or 
productivity (e.g. yield/acre).   If one views the sustainable growth rate as an economic target, its connection with 
aggregate supply becomes immediate. In periods of high commodity prices or positive 
technological change increased farm revenues will lead to increased growth if there are sufficient 
economies of scale to ensure that profit margins increase. If these economies exist then there will 
be increased efficiency in the use of assets, increasing the asset turnover. If the effects on land 
(or other assets) values are neutral then growth will occur and will be sustainable even without 
having to borrow to fund the growth. But this does not always happen in agriculture. One of the 
unique attributes in agriculture is the endogeneity of positive cash flows on land values. Simply 
put, during sustained growth, land values rise, thus increasing the asset base and decreasing asset 
turnover. As land values increase the only opportunity to maintain the targeted growth rate is to 
increase financial leverage or decrease owner withdrawals (or both). Later we argue that this is 
precisely what happened leading up to the land price bust of the late 1980’s.   
  When the agricultural economy cycles into a lower price regime, perhaps best 
characterized by Ezekiel’s (1938) cobweb model or Cochrane’s treadmill (see Levins (2000)), an 
opposite effect takes place. Lower profit margins reduce the sustainable growth target. As the 
target falls, so will investment, and there will be less demand for term or operating credit. A 
lower, stable growth path is more conservative, and with less demands on cash flow, debt can be 
paid down or at least not increased. As operating cash flows fall, so ultimately will asset values, 
improving the efficiency of those assets until a new growth equilibrium occurs. Later we provide 
evidence that this is precisely what happened in the early to mid 1990’s. 
  The sustainable growth relationships show how increases in sales via increased 
productivity or sophisticated marketing must be managed. Balanced growth occurs when the 
percentage change in sales from one period to the next is equal to the sustainable growth rate. If this happens, then no adjustments need to be made to the profit margin, owner withdrawals, asset 
turnover or leverage.  
The difference between the growth in sales and the sustainable growth rate is referred to 
as the sustainable growth challenge (SGC) (Higgins, 2003).  If targeted sales increase faster than 
the sustainable growth rate, the SGC is positive and operating and financial adjustments need to 
be made in order to restore an accounting and operating balance. Any or all of the following 
must support a targeted increase in sales: an increase in profitability (decrease in costs), a 
decrease in owner withdrawals, an increase in asset turnover, or an increase in financial leverage.  
In contrast, if the SGC is negative, sales growth is lower than the sustainable growth rate, cash 
surpluses increase and either sales must decrease, owner withdrawals increase, asset turnover 
decreases, or financial leverage is reduced. 
  It has long been argued that increases in farm size have been justified based on 
economies of scale that reduce costs on a per unit basis.  If output increases at a lower per unit 
cost, the anticipated profit margin would increase.  Holding all other factors constant, economies 
of scale can be used to justify a balanced growth strategy with increased sales.  That is, if farm 
expansion coincides with increased sales (active growth) without achieving economies of scale 
(actual growth exceeds sustainable growth) then the balance can only be maintained by 
decreasing household consumption, increasing financial leverage, or increasing asset turnover.  
This latter consideration has also been the focus of considerable interest in the agricultural 
finance literature.  If sales can increase without having to increase the asset base, even if profit 
margins remain constant, then increased sales growth can be balanced with sustainable growth.  
Perhaps this is best illustrated by comparing the sustainable growth rate model for a beginning 
farmer paying the market rate for farm assets. In comparison to an existing farmer of identical scale and consumption habits, but with a lower book value of assets, the beginning farmer will 
have a lower asset turnover. In order to achieve the same sustainable growth rate target as the 
existing farmer, the beginning farmer will have to increase financial leverage. But, if the land 
base is subjected to speculative prices, then the sustainable growth rate target of the beginning 
farmer may simply not be achieved, especially if the beginning farmer is credit constrained. In 
other words, if increased profit margins are not sufficient to offset lower asset turnover, then 
sustainable growth rates would fall.  Even if land is priced to fundamentals but farmers are credit 
constrained, the sustainable growth rate at best stipulates the maximum growth rate that can be 
achieved and at worst cannot be obtained (Platt, Platt and Chen, 1995). Ultimately, cash 
shortages will arise and, either household consumption will have to decrease or financial 
leverage will have to increase. If neither of these can be achieved then growth can only be 
brought into balance if the asset (e.g. land) base is reduced, i.e. sold.  
  In terms of aggregate supply, the operating and financial decisions as discussed above 
illustrate how year-to-year changes in supply are far more complex, at least in the short run, than 
is suggested by a price-taking economy. In order to respond to market signals, farmers must 
weigh many internal operating and financial requirements before a response can be made. The 
inability of the farm sector to respond instantaneously is not a trivial factor in the inelasticity of 
supply. 
  In the next section, we examine historical farm accounting data to measure actual versus 
sustainable growth rates and to determine whether or not observable characteristics of the U.S. 
farm sector conform to a balanced growth paradigm. 
 
 3.0 DATA SOURCES AND RESULTS 
  Our estimates of sustainable and actual business growth rates were obtained from the 
farm balance sheet and income statement information compiled by the United States Department 
of Agriculture (USDA) at the state level for the years 1980 to 2001.  Sustainable growth rates 
were derived from measures of farm equity returns, calculated using net worth value at the 
beginning of each calendar year, and the farm business' earnings retention rate for the year.  The 
latter measure is merely estimated since the USDA's reporting format uses only aggregate 
financial measures and leaves out details concerning the inflows and outflows to the farm equity 
account such as non-farm incomes generated, family living withdrawals and both unrealized and 
realized capital gains from property appreciation and sales, respectively.  We therefore used an 
approximation of the earnings retention rate using information on net farm income realized for 
the year and the beginning and ending levels of farm net worth. These approximated rates of 
sustainable growth are then compared to the actual levels of farm revenue growth to generate 
information on the SGC rates. 
3.1 National and Regional Rates of Sustainable Growth Challenge 
  Figure 1 presents a plot of actual growth, sustainable growth and the resulting SGC rates 
for U.S. farms during the period 1981-2001.  The trends indicate a tendency for farms to 
experience positive SGCs in the 1980s.  Interestingly, the farm sector was plagued with declining 
commodity prices during this period, although farmers continued to receive substantial counter-
cyclical subsidies from the government.  However, it appears that positive SGCs can be largely 
attributed to lower rates of sustainable growth for the farm sector during these years, instead of 
the industry’s capacity to generate higher actual revenues.  This is a direct result of the rapid 
depletion of farm equity, indicative of the severe financial crises experienced by most farm businesses at that time.  As far back as the mid to late 1970s, the farm sector’s loan to value 
ratios have increased significantly, thus, enabling farmers to increase asset holdings even with 
less equity commitment.  During this time, farmers were able to monetize their unrealized capital 
gains as the appreciation of land values allowed farmers to borrow beyond the farm’s actual 
repayment capacity.  The dramatic decline of land values in the 1980s, however, ushered in a 
period of severe financial stress as the real concern for debt repayment capacity surfaced for 
farm borrowers that incurred debts beyond the affordable limit.  [Insert Figure 1 here] 
  In the 1990s, reforms and conservative credit policies implemented by lenders pressured 
farmers to make more cautious borrowing decisions. As business expansion plans were more 
synchronized with actual farm production and financial capabilities, the SGC values in the early 
to mid-1990s in Figure 1 border along the horizontal axis, suggesting only slight differences 
between realized and sustainable growth rates.  Notably, the SGC values have been negative 
from 1998-2001, consistent with the steady plunge of farm commodity prices during this period.  
Moreover, radical changes in federal policy towards agriculture involve a shift from market-
based to fixed, decoupled production and price support payments.  Although the federal 
government later disbursed large ad-hoc farm income subsidy appropriations, most farms 
actually realized lower business growth rates due to perceptions of increased income volatility 
and uncertainty. 
  Tables 1, 2 and 3 report actual farm revenue growth rates, estimates of the rate of 
sustainable growth and the resulting SGC rates, respectively, for the ten production regions in the 
country.  The USDA has actually introduced a newer scheme for classifying counties in each 
state into major farm resource regions, however, since our data set are aggregated at the state-
level we had to resort to the older farm production regional classification system which recognized state boundaries in defining the regions.  Hence, the regions considered include the 
Northeast, Lake States, Corn Belt, Northern Plains, Appalachian, Southeast, Delta States, 
Southern Plains, Mountains and the Pacific.  These groupings defined regions as neighboring 
states with similar production practices and resource characteristics.  [Insert Tables 1, 2 and 3 
here] 
  Table 4 presents statistical measures for each region to analyze differences in SGC 
patterns at certain time periods.  The summary indicates overall positive mean SGC rates across 
all regions in the 1980s, with mean SGC rates ranging from 1.52% for the Northeastern states to 
8.70% for the Delta States.  The results indicate that the rapid growth in productivity and 
expansion throughout he 1980’s was far in excess of what could have been sustained at that time. 
This trend, as discussed above, is well known. Farmers across the U.S. financed the growth of 
their farm businesses with increased borrowing to an extent that was not sustainable. The relative 
variability indicators (coefficient of variation) are considerably small, with a high of 3.28% for 
the Northeastern states and a low of 0.67% for the Mountain states. [Insert Table 4 here] 
  In the1980s, positive SGC rates are the result of fluctuating actual revenue growth rates 
(Table 1) and (almost consistently) negative sustainable growth rates (Table 2), experienced 
especially in the Corn Belt, Appalachian, Lake, Northern Plains and the Southeast regions where 
grain producers have been most affected by the radical decline of farmland values.  After 
farmland values have reached its peak in 1982, high interest rates and declining export demand 
led to a nationwide 27% drop in these values and compounded debt repayment problems for 
highly leveraged producers (Stam, 1995).  Interestingly, the livestock producers in the Northeast 
realized positive rates of growth and sustainability for most of this period as the relatively low sensitivity of pastureland to sudden market adjustments of land values spared these producers 
from the financial repercussions of the boom-bust cycle of the 1970s and 1980s. 
  In the 1990s, the effects of increasing farm income risk due to greater market uncertainty 
and the changing structure of federal policy towards agriculture are reflected in mixed results 
obtained for the different regions.  The heterogeneity of regional production profiles account for 
divergent trends in SGC levels. 
  During the period 1990-1995 when federal payments provided income stabilization 
benefits, the corn and soybean producers in the Corn Belt and Lake States, who largely benefited 
from such subsidies, were able to build up excess production capacities as a result of stronger 
equity positions and debt servicing capabilities.  Hence, these farms realized negative average 
SGC rates, with lower relative variability, during this period.  With sustainable growth in excess 
of actual growth, farmers accumulated cash flows and rather than reinvesting these cash flows 
into the farm they used it to reduce debt, bringing the sustainable and actual growth rates into 
balance. 
  Elsewhere in the country, the gap between actual and sustainable growth rates was lower 
compared to the wider disparity of growth rates realized in the 1980s.  Cotton and peanut farmers 
in the Southeast and Delta states continued to receive federal support, although not by as much 
as the subsidies appropriated for the grain producers.  The dairy, cattle, hog and broiler farmers 
in the Northeast, Northern Plains, Mountain states and Southern Plains relied on marketing 
strategies and production alliances to enhance financial conditions resulting in greater access to 
more sources of capital.   As federal farm support veered away from a market-oriented type of subsidy and 
agricultural commodity prices declined steadily in the latter part of the 1990s, mean SGC rates 
still remained close to 1 although relative variability increased considerably in 6 of 10 regions. 
3.2 Preliminary Analysis of Balanced Growth Strategies 
  This section presents a cursory analysis of relationships between the historical levels of 
SGC rates and several variables included in the sustainable growth paradigm.  In particular, if 
U.S. farmers are continually balancing growth, there should be identifiable correlations between 
the SGC and profit margins, withdrawals, asset turnover and financial leverage. Figure 2 presents 
the trends in the SGC rates and debt-to-asset ratios, decomposed into long-term and non-long-
term components, for all US farms during the period 1981 to 2001.  The financial leverage ratios 
were derived from the aggregate balance sheets compiled by the USDA-ERS for all U. S. farms 
during the 21-year period.  The long-term leverage measures were calculated as the ratio of total 
farm real estate debt to the total market value of farm real estate asset holdings for each year.  
The shorter-term measures were calculated by dividing the total levels of intermediate and short-
term loans by the sum of the total value of non-real estate assets, including crop and livestock 
inventories, machineries and equipment, purchased inputs and financial assets. [Insert Figure 2 
here] 
  In order to discern clear patterns of relationships between the measures presented in 
Figure 2, a summary is presented in Table 5 of the results of basic correlation analysis performed 
on pairs of values of SGC rates and, among other variables, values of each of the two leverage 
measures over certain time frames.  The graphs and derived correlation measures indicate that 
both long- and non-long term measures of financial leverage are positively correlated with 
changes in SGC rates over the entire 21-year period, differing in magnitude of the correlation coefficients by only 5 percentage points at 0.4976 and 0.4476, respectively.  Significant 
deviations in correlation results are obtained, however, when different (shorter) time periods are 
considered.  In the 1980s, positive correlation between both financial leverage measures and 
SGC is maintained, although the shorter-term measure has a higher correlation coefficient at 
0.3269 (versus 0.2095 for the long-term variable).  As noted earlier, farmers exhibited an 
aggressive borrowing behavior in the 1980s as farmland values appreciated.  It is expected 
therefore that farms in general resorted to financial leveraging as a means for increasing liquidity 
and production capacity build-up during such period, with a greater tendency to resort to 
intermediate- and short-term loans vis-à-vis longer-term loans. The latter result could suggest 
that short-term liquidity, instead of fixed asset accumulation, was a more pressing concern 
among farm businesses at that time and farms relied on short- and intermediate-term loans to 
address this need. [Insert Table 5 here] 
  In the nineties, there was a diminishing reliance on financial leveraging to boost 
sustainable growth potential, given the low and negative correlation results (Table 5) for non-
long-term and long-term financial leverage measures, respectively.  During this period, the 
propensity to incur loans among farmers has been regulated by stricter credit risk assessment and 
credit rationing policies by lenders.  Thus, more cautious borrowing decisions were made.  The 
results also implied that financial leveraging could have been avoided by some farmers whenever 
opportunities to implement alternative strategies to improve sustainable growth rates were 
available. 
  The other correlation results in Table 5 and the plots presented in Figure 3 for historical 
levels of net profit margin (NFIRAT) and asset turnover (ATO) ratios suggest that during times 
of restrictive credit environments the farmers resort to other strategies to increase sustainable growth potentials.  In the eighties when farmers relied more on financial leveraging to increase 
sustainable growth rates, NFIRAT and ATO produced negative correlations with SGC.  During 
this time, increased financial and operating inefficiency resulted in profit margin squeezes while 
the maintenance of excess production capacities through building up inventories of idle, obsolete 
and unproductive assets brought down the farm sector’s ATO rates. [Insert Figure 3 here] 
  In the nineties profit margins and asset productivity became important tools for attaining 
higher rates of sustainable growth as the NFIRAT and ATO were found to be highly correlated 
with SGC rates at 0.7302 and 0.5818, respectively.  More favorable market conditions in the 
early part of the decade, the availability of more efficient production technologies (such as the 
GMOs), and the implementation of risk-reducing marketing plans all contributed to the 
attainment of more acceptable profit margins.  The prevalence of real estate and equipment 
leasing contracts as well as the implementation of more prudent asset management strategies 
aimed at eliminating idle production capacity did not only result in improved ATO ratios but also 
provided additional liquidity-enhancing mechanisms for some farms through cash proceeds from 
asset liquidation and the more favorable expense disbursement schemes available under certain 
land leasing arrangements. 
  While this analysis does not include the liquidity implications of changes in equity 
withdrawals for farm household consumption due to data limitations, it can be clearly seen that, 
over the time frame considered, the significance/insignificance of strategies that involve financial 
leveraging, income efficiency and asset productivity alternately complement each other to adjust 
sustainable growth potential in order to achieve balanced growth. 
 
 4.0 CONCLUSIONS 
  This paper has presented a different approach to examining certain aspects of agriculture 
finance by introducing the concept of sustainable growth as presented by Higgins (1977, 2003).  
The sustainable growth model requires a balance between increased sales at the farm level and 
changes in corresponding accounting measures such as profit margin, owner withdrawals or 
business retention rates, asset turnover, and financial leverage.  We argue that this paradigm can 
be used to explain observed financial and operating conditions in agriculture.  In particular, we 
note that when farm revenues increase above a measured sustainable growth rate, there is also a 
tendency for farm debt to increase, and when revenues fall, there is a tendency for farm debt to 
decrease.  But the role of debt is not so simply related to increases in sales.  Household 
consumption expenditures, represented by owner withdrawals, also play a role.  As expenditures 
increase due to inflation, the retention ratio is reduced and sustainable growth falls relative to 
sales.  This condition increases the pressure on cash flow and increased use of debt.  Likewise, in 
periods of inflationary land values, as turnover falls and if sustainable growth falls relative to 
sales, cash shortages need to be absorbed through either restrictions in  household expenditures 
or increased use of debt. 
  This study has provided estimates of actual and sustainable growth rates from 1981 to 
2001 for the seven producing regions in the United States and discusses these within the context 
of the agriculture economy.  In general, it has been shown that the farm sector has adapted to 
positive or negative sustainable growth challenges in a manner consistent with the model.  Most 
importantly, from an equilibrium point of view, countercyclical measures of the sustainable 
growth challenge indicate that there is always a tendency towards balanced growth.  Our 
analyses show a general contribution to the sustainable growth paradigm.   Finally, there is a temptation by some economists to view the farm economy as simple 
price takers, with periodic adjustments to strategy signaled by market forces. Such a view 
assumes an almost perfectly elastic supply curve, yet when considered in its entirety the 
aggregate supply response of the farm economy is highly inelastic in the short run, and inelastic 
still in the long run. Inelasticity in supply suggests that there are significant constraints on 
agricultural production that make adaptation slow. Part of this is probably asset fixity and the 
inability of the farm sector to mobilize those resources in a timely fashion to respond to market 
forces. Risk may also be a factor. But one cannot so easily dismiss operational and financial 
constraints to farm growth in favor of market forces alone. This paper has shown that financial 
leverage is a mitigating factor in farm sector growth and could be a causal factor that offers a 
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10  All States 
1981  14.46 10.98  16.20 7.98 -0.15 12.63 16.90 2.06  16.53 13.16 11.42
1982  -1.37 -3.90  -2.56 0.14 -1.81 4.49 4.38 4.38  -1.27 0.92 -1.31
1983  -8.47 -15.53 -4.30 -6.82 1.72 1.67 -3.94 8.86 -4.66 -4.60 -6.27
1984  12.34 21.29 8.33 7.67 -0.58 1.62 9.84 -1.01 9.05 -0.24 9.18
1985  -9.28  -2.10 -9.34 -5.18 -6.16 -1.20 -1.48 -3.10 -6.98 -2.41 -4.02
1986  -4.84  -6.76 -9.29 -3.49 2.27 0.39 -4.09 6.95 -5.01 -0.87 -3.15
1987  7.70 4.01  17.61  5.49 10.90 5.01 5.48 6.69  13.26 9.96 7.86
1988  8.48 1.72  16.63  -1.56 9.50 5.71 1.82 6.17  12.14 11.44 5.64
1989  7.89 12.82 1.30  17.34 7.14 4.71 3.95 4.75  12.99 1.89 7.85
1990  3.86  0.08 -0.11 -1.08 4.58 2.89 11.30 2.95 -8.36 7.60 3.22
1991  -0.68 -7.83 2.51  -5.05 -0.26 -3.46 -5.66 -2.04 7.25 -1.24 -3.09
1992  7.03 11.99 5.67 0.03 -2.65 5.53 7.76 1.35  -1.10 -0.40 4.50
1993  2.79 -3.61 2.05  -1.06 13.95 -1.17 -2.45 9.90 2.36 6.96 2.22
1994  5.70 8.88  9.17  10.72 -3.93 4.35 7.01 4.54  8.89 1.84 5.36
1995  -1.77  -7.43 -3.00 -1.56 2.38 -2.60 -7.84 0.59 -0.99 -5.70 -2.45
1996  7.19 20.99  16.65 9.55 4.76 7.02 22.65 7.89 9.58 -0.58 11.86
1997  1.66  0.74 -5.06 -1.22 6.92 -3.32 -6.82 3.04 2.15 13.49 1.00
1998  0.20 -6.75  -4.73 1.89 -0.03 2.10 3.55 -3.15  -0.44 -7.10 -2.53
1999  -3.62 -4.97 5.47 1.17 3.75 -0.63 -0.35 1.40 2.18 12.47 1.02
2000  12.48  9.35 -6.90 -1.86 2.94 3.42 6.36 4.37 -0.90 -2.55 3.09
2001  -2.76  1.97 7.58 2.64 4.34 0.66 0.16 -0.50 6.52 1.97 1.99
Notes:  (1) The Appalachian states include Kentucky, North Carolina, Tennessee, Virginia and West Virginia; (2) The Corn Belt 
states include Illinois, Indiana, Iowa, Missouri and Ohio; (3) The Delta States are Arkansas, Louisiana and Mississippi; (4) The 
Lake States are Michigan, Minnesota and Wisconsin; (5) The Mountain States are Arizona, Colorado, Idaho, Montana, Nevada, 
New Mexico and Wyoming; (6) The Northeast Region includes Connecticut, Delaware, Maine, Maryland, New Hampshire, New 
Jersey, Pennsylvania, Rhode Island and Vermont; (7) The Northern Plains includes Kansas, Nebraska, North Dakota and South 
Dakota; (8) The Pacific Region includes Alaska, California, Hawaii, Oregon and Washington; (9) The Southeast Region includes 
Alabama, Florida, Georgia and South Carolina; and (10) The Southern Plains includes Oklahoma and Texas. 
 
 











10  All States 
1981  -2.06  -9.98 -4.44 -3.36 0.52 1.28 -0.89 3.27 -6.58 2.45 -2.03
1982  -2.04 -10.33 -9.64 -5.73 -5.12 -2.47 -5.79 0.57 -3.69 -2.11 -5.51
1983  -0.66 -3.34 0.53  -3.65 0.54 1.49 -3.70 0.02  -3.38 1.17 -0.46
1984  -7.75 -22.54 -8.96  -15.99 -9.43 0.56 -19.38 -7.48 -5.76 -8.46 -11.84
1985  -2.64  -10.30 -13.15 -13.24 -11.48 2.59 -11.51 -5.24  -2.81 -14.48 -10.27
1986  -1.05 -5.47  -12.77  -8.81 -2.53 4.57 -6.08 -8.85 0.98 -6.26 -4.59
1987  -0.44  5.43 3.51 8.21 0.84 5.53 7.66 -0.22 5.73 3.12 6.59
1988  2.84  3.74 1.81 3.96 1.46 5.92 5.35 4.33 6.01 0.95 6.04
1989  3.06 2.91  -0.59  6.12 0.48 1.91 3.95 5.31  6.36 0.13 4.27
1990  -0.27  3.89 2.59 6.26 4.10 -1.77 2.77 5.23 1.41 0.39 3.86
1991  2.51 0.70  -2.74  0.55 0.19 -0.71 -2.09 -0.87  0.15 0.46 0.33
1992  4.71  3.47 2.81 3.22 -4.24 6.47 2.10 1.67 3.94 4.52 3.37
1993  2.33 2.88  2.81  -0.05 6.78 -0.79 3.93 2.69  3.97 2.98 5.28
1994  5.13  3.57 3.43 2.18 2.74 0.05 1.87 0.54 5.07 1.13 2.70
1995  3.13  2.36 2.66 3.28 2.59 -0.12 1.14 1.73 1.89 -2.13 3.43
1996  2.97  5.33 0.21 3.26 2.42 0.13 4.94 2.19 1.72 2.45 3.92
1997  2.88  4.93 4.19 1.71 3.13 -1.76 3.79 0.81 3.71 4.82 4.61
1998  0.62  2.66 4.16 3.57 0.06 2.24 -0.29 2.41 2.90 0.21 2.78
1999  2.96  1.96 4.18 4.55 3.49 -2.49 5.12 0.73 2.50 3.12 5.07
2000  5.53  2.65 1.29 2.63 2.43 3.78 3.33 1.55 5.91 4.88 4.98
2001  2.15  2.22 1.78 1.89 1.16 2.82 1.34 1.20 5.39 4.34 3.59
Notes:  (1) Appalachian; (2) Corn Belt; (3) Delta States; (4) Lake States; (5) Mountain States; (6) Northeast;  
(7) Northern Plains; (8) Pacific; (9) Southeast; and (10) Southern Plains. 
 
 











10  All States 
1981  16.52  20.96 20.63 11.34 -0.67 11.35 17.79 -1.21 23.11 10.72 13.45
1982  0.68  6.43 7.09 5.87 3.31 6.96 10.17 3.81 2.42 3.03 4.20
1983  -7.81 -12.20 -4.83 -3.17 1.18 0.18 -0.24 8.84 -1.28 -5.78 -5.81
1984  20.09  43.84 17.29 23.66 8.85 1.06 29.22 6.47 14.80 8.23 21.02
1985  -6.64  8.20 3.82 8.05 5.33 -3.80 10.03 2.14  -4.16 12.07 6.25
1986  -3.79 -1.29 3.49 5.32 4.81 -4.18 1.99 15.80  -5.98 5.39 1.45
1987  8.14 -1.41  14.09  -2.71 10.06 -0.52 -2.17 6.91 7.54 6.84 1.27
1988  5.64 -2.03  14.82  -5.52 8.04 -0.21 -3.53 1.84 6.12 10.49 -0.41
1989  4.83 9.91  1.88  11.22 6.66 2.80 0.01 -0.56  6.64 1.76 3.58
1990  4.13  -3.81 -2.71 -7.34 0.48 4.66 8.53 -2.28 -9.78 7.21 -0.64
1991  -3.19 -8.52 5.25  -5.60 -0.45 -2.76 -3.57 -1.18 7.10 -1.70 -3.41
1992  2.32 8.53  2.86  -3.18 1.59 -0.94 5.66 -0.32  -5.04 -4.93 1.13
1993  0.45  -6.49 -0.75 -1.01 7.18 -0.38 -6.38 7.21 -1.61 3.98 -3.06
1994  0.58  5.31 5.74 8.54 -6.66 4.29 5.15 4.00 3.81 0.71 2.66
1995  -4.90  -9.79 -5.66 -4.85 -0.21 -2.48 -8.98 -1.14 -2.88 -3.57 -5.88
1996  4.23 15.65  16.44 6.29 2.33 6.88 17.71 5.69 7.87 -3.04 7.94
1997  -1.22  -4.19 -9.26 -2.93 3.78 -1.56 -10.61 2.24 -1.56 8.68 -3.61
1998  -0.42  -9.41 -8.89 -1.68 -0.08 -0.15 3.85 -5.56 -3.33 -7.32 -5.31
1999  -6.58 -6.93 1.30  -3.38 0.26 1.86 -5.46 0.67  -0.32 9.36 -4.05
2000  6.96  6.70 -8.19 -4.48 0.52 -0.36 3.03 2.82 -6.81 -7.43 -1.89
2001  -4.91 -0.24 5.80 0.75 3.18 -2.17 -1.18 -1.69 1.14 -2.37 -1.60
Notes:  (1) Appalachian; (2) Corn Belt; (3) Delta States; (4) Lake States; (5) Mountain States; (6) Northeast;  
























Notes:  (1) Appalachian; (2) Corn Belt; (3) Delta States; (4) Lake States; (5) Mountain States; (6) Northeast; 






















10  All 
States 
1981-2001 
Mean 1.67  2.82  3.82 1.68 2.83 0.98 3.38 2.59  1.80 2.49 1.85
Std. Dev.  7.25  12.90  8.91 7.77 3.96 3.95 9.75 4.77  7.76 6.42 6.52
C. V.  4.34  4.57  2.33 4.64 1.40 4.03 2.88 1.84  4.31 2.58 3.52
1980-1989 
Mean 4.18  8.05  8.70 6.01 5.28 1.52 7.03 4.89  5.47 5.86 6.29
Std. Dev.  9.75  16.36  8.41 9.12 3.56 4.97 10.90 5.32  9.24 5.60 6.83
C. V.  2.33  2.03  0.97 1.52 0.67 3.28 1.55 1.09  1.69 0.96 1.09
1990-1995 
Mean -0.10  -2.46  0.79 -2.24 0.32 0.40 0.07 1.05  -1.40 0.28 -1.53
Std. Dev.  3.38  7.61  4.58 5.70 4.43 3.28 7.28 3.73  6.08 4.64 3.17
C. V.  -33.24  -3.09  5.82 -2.55 13.84 8.23 107.24 3.56  -4.35 16.38 -2.07
1996-2001 
Mean -0.33  0.26  -0.47 -0.91 1.67 0.75 1.22 0.69  -0.50 -0.35 -1.42
Std. Dev.  5.19  9.42  10.35 3.95 1.65 3.31 9.72 3.92  4.93 7.56 4.79
C. V.  -15.91  35.68  -22.13  -4.36 0.99 4.40 7.95 5.65 -9.83 -21.49 -3.37 
 
Table 5.  Correlation of SGC Rates and Relevant Financial Measures, U. S. Farms, Selected Time Periods 
Correlation Coefficients  Financial Measure paired with SGC 
1981-2001 1981-1989 1990-2001 
Net Farm Income Ratio  -0.2465 -0.0526 0.7302
Asset Turnover Ratio  0.0517 -0.0598 0.5818
Long-Term Debt-Fixed Farm Asset Ratio  0.4976 0.2095 0.0746

























   
Figure 1.  Rates of Actual Growth, Sustainable Growth & Sustainable Growth Challenge, 











































   
    





   
Figure 2. SGC Rates, Long-Term & Short-Term Debt-Asset Ratios























































   
 
Figure 3.  Net Farm Income Ratios (NFI), Asset Turnover Ratios (ATO) and 














































    
 
 